Introduction {#S7}
============

It has been well established that spinal cord injury (SCI) is associated with greater hazard of mortality; the extent to which depends largely upon the nature and severity of the injury.^[@R1],\ [@R2]^ Mortality is highest among those who are ventilator dependent.^[@R3]^ It is lowest among those with neurologically incomplete injuries. Among those who do not have neurologically incomplete injuries, the hazard of mortality is related to the neurological level of injury, with those who have higher levels having greater hazard of mortality.

More recent research has investigated a wider array of predictive factors, beyond demographic and injury characteristics, in relation to mortality. Krause^[@R4]^ developed a theoretical risk model that distinguishes between several sets of predictive factors and their relative importance to mortality. In a series of investigations, each of four sets of predictor variables was related to a greater hazard of mortality including psychological, socio-environmental, behavioral, and health factors.^[@R5]--[@R8]^ Seven individual predictive factors were identified in an overall test of the theoretical risk model with the predictors assessed approximately eight years prior to determination of mortality status.^[@R9]^ These significant predictors included four health status variables (surgeries to repair pressure ulcers, history of amputation/fracture, probable major depression, and days hospitalized in the year prior to assessment), two behavioral predictors (psychotropic prescription medication use, binge drinking), and one socio-environmental predictor (low income).

Some methodological challenges in studies of mortality relate to sample size, stability of the predictor variables, and the interval between assessment of predictors and determination of mortality status. Mortality occurs at a relatively low rate, so large participant samples are required to identify hazard of mortality. SCI is a relatively rare event, and identifying sufficient numbers of participants can be problematic. The longer interval length between assessment and determination of mortality status is typically required to allow for a sufficient number of cases of mortality, yet the predictors themselves may lose some of their potency over time. For instance, in the aforementioned study,^[@R9]^ variables such as hospitalized days within the past year or a depressive diagnosis may change over time, more so than other variables that are historic in nature (e.g., history of amputation). It is therefore important to evaluate the extent to which these types of predictors lose their potency in predicting future mortality as the length of time between assessment and determination of mortality status increases. To date, we could find no literature addressing this issue with SCI.

Purpose {#S8}
-------

Our purpose was to identify the stability of the seven non-demographic and non-injury related predictors of mortality identified by Krause et al.^[@R9]^ with mortality over time. Identifying the stability of predictors allows us to determine the predictive limits of these variables and the relative stability of different variables within these classes of predictor variables. Our hypothesis is that the hazard ratio for any given predictor will be inversely related to the time elapsed between assessment of the predictor and determination of mortality status.

Materials and Methods {#S9}
=====================

Participants {#S10}
------------

After obtaining approval from the institutional review board, potential participants were identified from a specialty hospital in the Southeast United States of America. All adults with traumatic SCI who were at least one year post-injury and had at least some residual impairment were enrolled in the study. A total of 1386 participated (72% response rate). Characteristics of this cohort are documented in more detail elsewhere.^[@R9]^ Complete information was not available for 177 participants; therefore, they were excluded from the analysis.

Procedures {#S11}
----------

Data were collected through survey between July, 1997 and June, 1998. Preliminary cover letters were sent to explain the study and to alert potential participants that materials would be forthcoming. Approximately 4--6 weeks later, materials were sent to participants. Two mailings were used for non-respondents as well as a follow-up phone call. All materials were scanned for missing information, and participants were contacted in the event of large amounts of missing variables (e.g., pages sticking together and not completed). Participants were allowed to skip any items they felt were sensitive or personal. Respondents received \$20 in remuneration, and they were made eligible for \$1500 in drawings. All data were entered and verified to eliminate errors. Mortality status was evaluated using the National Death Index as of December 31, 2005 (a timeframe consistent with that in the original research).

Measures {#S12}
--------

A composite of several individual measures was developed for the study. It includes components from the theoretical risk model including: demographic and injury characteristics, environmental, behavioral, and health factors. For the purpose of the current manuscript, several variables were utilized including age, gender, race-ethnicity, years since injury, and injury severity. Injury severity was classified into five groups based on a combination of injury level and ambulatory status. Ambulatory participants were classified as either cervical or non-cervical, with non-cervical ambulatory serving as the reference group. Non-ambulatory participants were grouped according to injury level as follows: C1-C4, C5-C8, and non-cervical.

Two questions were used from the Behavioral Risk Factor Surveillance System (BRFSS).^[@R10]^ Poverty was assessed using a standardized BRFSS item regarding family income with a cutoff of \$20,000 (higher income was reference group). Binge drinking was defined by the number of occasions within the past month drinking five or more drinks.

A psychotropic prescription medication use composite score was based on the use of medications to treat four conditions (sleep, spasticity, pain, depression). Participants were asked the number of surgeries they have had since SCI onset to repair pressure ulcers. They were also asked whether they have ever had a fracture or amputation since their SCI.

Probable major depression was measured with the Older Adult Health and Mood Questionnaire, a 22 item measure developed specifically for those with health concerns or disabling conditions.^[@R11]^ This measure has been widely used with SCI.^[@R12],\ [@R13]^ A score of 11 or greater was used to classify probable major depression. A more complete description of these measures appears elsewhere.^[@R9]^

Analysis {#S13}
--------

First, we used a piecewise exponential model to assess if the hazard changes over time. Two equal four year intervals were created, and the hazard was assessed over these two intervals. The second (last) interval was used as the reference. Along with the time interval variable, the other independent variables (injury severity, race, gender, age at onset, years post-injury, income, prescription medication use, binge drinking, days in the hospital, fracture/amputation, sore surgeries, and depression) were also included. Next, another piecewise exponential model was created, and interactions between the time interval and the independent variables were included to assess the change in coefficients across the time intervals. A significant interaction would indicate a predictor was more highly related with mortality during one of the two intervals. Mortality was assessed as of December 31, 2005. Persons who were not determined to be deceased at that time were assumed to be alive. Independent variables were all measured between 1997 and 1998.

Statement of Ethics {#S14}
-------------------

We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were followed during the course of this research.

Results {#S15}
=======

Our first piecewise exponential model included a time interval variable along with the other independent variables. Results of this model showed the hazard was not constant over time (p=0.0001). The hazard of mortality in the first time interval was significantly lower than in the second (estimate = −0.5549).

In the second analysis, we included interaction terms between the time interval variable and each independent variable ([Table 1](#T1){ref-type="table"}). The only significant interaction was between time and age at onset (p=0.0226). All other variables showed no significant interaction with the time interval, signifying that those parameter estimates did not significantly change over time and were removed from the model.

The significant predictors of mortality included injury severity, age, and years since injury. Of the non-biographic and injury characteristics, poverty, psychotropic prescription medication use, amputation/fracture, pressure sore surgeries, and major depression all were statistically significant.

Discussion {#S16}
==========

The results of this study suggest there is considerable stability in the relationship between socio-environmental, behavioral, and health predictors with the hazard of mortality, even when predictor variables were assessed up to eight years prior to the determination of mortality status. This is clearly indicated by the absence of significant interaction effects by time, as the only significant interaction was for age at injury onset. Although function may change somewhat over time in some cases, our focus is only on the aforementioned variables and not injury or functional status. This relationship held, even when the predictors would, by their nature, be likely to change over time (e.g., depressive disorder).

There are several possible explanations for these findings. First, some health related variables clearly reflect historical events, such as amputations or surgeries for pressure ulcers. Although these may change, in that additional people may have amputations and the number of surgeries for pressure ulcers may increase, the core events are historical. Therefore, no change would be expected over time, other than that related to new events. Other variables may be more stable than is readily apparent. For instance, although the number of hospitalizations from year-to-year will vary depending on underlying conditions, individuals prone to hospitalization at one time are certainly more likely to be re-hospitalized.^[@R14]^ Also, the underlying conditions leading to hospitalization may persist, such that the individual has some change in health status. Similarly, although depressive disorders were measured at a single point in time, those who have a history of a depressive disorder at one time are also more likely to have a depressive disorder at a later point in time.^[@R15]^ Therefore, all health related variables have some degree of stability, although we cannot determine the extent to which the predictors themselves may change over time from our current data.

Other predictors that reflect non-health variables, including poverty and two behavioral predictors, also may change over time. Because we cannot determine the amount of actual change, we are unable to determine whether time-dependent covariates that update status of these variables would ultimately prove to be better predictors. However, because there is no interaction between the predictor or outcome over time, there must be some underlying characteristics which are being measured by these predictors.

Results from this model were mostly consistent with the original article,^[@R9]^ but there were a few differences. After adding the time and time \* age at injury variables, days in the hospital, and binge drinking were no longer statistically significant. It is important to continue evaluating risk of mortality to establish the appropriate strategies to intervene at policy, behavioral, and health outcome levels.

Limitations {#S17}
-----------

There were several study limitations. First, the absence of data time-dependent covariates precludes assessment of the stability of the predictors themselves. That in no way negates the current findings, but it would be interesting to determine the extent of change in the predictors over time. Second, we were limited to two time intervals -- 0--4 years and 5--8 years. We cannot determine whether the stability will be more or less over longer periods of time. Because this is an ongoing study, additional analyses will be conducted in future years as data become available. Third, we used self-report for all variables. Reporting of most variables was straightforward, so this is not likely problematic. Nevertheless, any errors related to self-report bias would *weaken* the associations between the predictors and mortality (i.e., the true relationship might be stronger). Fourth, the sample size, although large for this diversity of variables with a specialty population, still is relatively small in terms of overall mortality. Lastly, the number of deaths increased in each model, which could affect variables reaching statistical significance.

Future Research {#S18}
---------------

Future research would benefit from investigation of a wider array of predictive factors, testing their relationships with mortality over varying intervals. Following participants over a long period of time would increase the proportion of deceased cases. The addition of more participants would increase the power of this research. Continued research is needed before we will gain a more comprehensive understanding of predictors of mortality after SCI and have the ability to successfully intervene to promote greater longevity. Future analysis may also benefit from the application of time dependent analytic techniques. Further research is needed to enhance our ability to predict and ultimately delay mortality.
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Piecewise exponential model of mortality using two equal time intervals.

  ----------------------------------------------------------------------------------------------------------
  Parameter                                   Estimate   Standard\   Wald 95%\           p-value   
                                                         Error       Confidence Limits             
  ------------------------------------------- ---------- ----------- ------------------- --------- ---------
  **Time Interval 1** (vs. 2)                 −1.4076    0.4040      −2.1994             −0.6159   0.0005

  **Injury Classification**\                                                                       0.0005
  (vs. Non-cervical, ambulatory)                                                                   

  C1--C4, non-functional                      1.1273     0.3660      0.4099              1.8448    0.0021

  C5--C8, non-functional                      0.6472     0.3509      −0.0406             1.3350    0.0652

  Non-cervical, non-functional                0.6913     0.3453      0.0146              1.3680    0.0453

  Cervical, ambulatory                        −0.0932    0.4237      −0.9236             0.7372    0.8259

  **Demographic Factors**                                                                          

  White (vs. non-white)                       0.1036     0.1761      −0.2415             0.4488    0.5563

  Male (vs. female)                           0.2505     0.1732      −0.0889             0.5899    0.1481

  Age at injury                               0.0476     0.0073      0.0332              0.0620    \<.0001

  Years post-injury                           0.0464     0.0106      0.0256              0.0672    \<.0001

  **Socio-Environmental Factors**                                                                  

  Poverty (Income\<\$20,000 vs. ≥\$20,000+)   0.4386     0.1613      0.1224              0.7548    0.0066

  **Behavioral Factors**                                                                           

  Prescription medication use                 0.0781     0.0214      0.0361              0.1201    0.0003

  Number of binge drinking days               0.0005     0.0004      −0.0003             0.0012    0.2373

  **Health Factors**                                                                               

  Days in the Hospital                        0.0128     0.0075      −0.0019             0.0276    0.0875

  Fracture/amputation (vs. no)                0.6646     0.1681      0.3352              0.9940    \<.0001

  Sore surgeries                              0.1210     0.0332      0.0560              0.1860    0.0003

  Probable major depression (vs. no)          0.4113     0.1608      0.0962              0.7264    0.0105

  Age at Injury \* Time Interval 1            0.0219     0.0096      0.0031              0.0407    0.0226
  ----------------------------------------------------------------------------------------------------------
